Introduction {#section1-1533034617740264}
============

Prostate cancer (PCa) is the most commonly diagnosed cancer and the second leading cause of cancer-related death in men in Western countries. According to the American Cancer Society, approximately 161 360 new cases of PCa will be diagnosed and 26 730 men will die from this disease during 2017.^[@bibr1-1533034617740264]^ While the incidence of PCa is relatively low in China, it is increasing rapidly, especially in developed metropolitan areas.^[@bibr2-1533034617740264]^ The etiology of PCa is largely unknown and is likely to be multifactorial. Genetic susceptibility is a major risk factor for PCa and is estimated to account for 42% variation of the disease.^[@bibr3-1533034617740264]^

To date, genome-wide association studies (GWAS) have identified more than 50 potential PCa susceptibility genomic variants in European, African American, Japanese, and Chinese populations.^[@bibr4-1533034617740264][@bibr5-1533034617740264][@bibr6-1533034617740264]--[@bibr7-1533034617740264]^ Furthermore, with the development of gene sequencing technology, more PCa-related single-nucleotide polymorphisms (SNPs) will be discovered.^[@bibr8-1533034617740264]^ The prostate stem cell antigen (PSCA) gene is located on chromosome 8q24.2, consists of 3 exons and 2 introns, and encodes a 123-amino acid glycoprotein, which belongs to the LY-6/Thy-1 family of cell surface antigens.^[@bibr9-1533034617740264]^ Prostate stem cell antigen SNPs have been used in the study of bladder cancer, cervical cancer, gastric cancer, and duodenal ulcer disease.^[@bibr10-1533034617740264][@bibr11-1533034617740264]--[@bibr12-1533034617740264]^ However, there have been few studies on the relationships between PSCA SNPs and PCa.

Joung *et al* found that men in South Korea with the PSCA rs1045531 AA genotype were at higher risk of PCa.^[@bibr13-1533034617740264]^ However, a relationship between PSCA SNPs and PCa risk in China, especially in patients undergoing prostate biopsy, has not been reported. Therefore, the present study aimed to comprehensively examine the potential association of the PSCA rs1045531 SNP with the risk of PCa in a Chinese population undergoing prostate biopsy.

Materials and Methods {#section2-1533034617740264}
=====================

This study included 416 consecutive patients undergoing prostate biopsy for the detection of PCa based on digital rectal examination (DRE), prostate special antigen (PSA), and prostate nodules^[@bibr14-1533034617740264]^ at a tertiary hospital in Suzhou, China, between January 2015 and September 2016. The participants in this study were representative of prostate biopsy patients in metropolitan areas of East China. Transrectal ultrasound-guided biopsy using an 18-gauge, 20-cm biopsy needle (Bard Peripheral Vascular Inc, Tempe, Arizona) was performed. All biopsy specimens were reviewed by a pathologist. Prior to performing a warranted prostate biopsy, a complete history was collected and a physical examination was performed on each patient, including PSA levels, magnetic resonance imaging, and emission computed tomography. Clinical tumor size (T) stages were determined at initial diagnosis via DRE, prostate biopsy, and imaging. Enlarged lymph nodes (N) and distant metastases (M) were detected via prostate magnetic resonance imaging with or without emission computed tomography, and the scans were interpreted by a uroradiologist.^[@bibr15-1533034617740264]^ Biopsied tumors were graded according to the Gleason scoring system, and staging was performed according to the 2002 TNM classification . Written informed consent was obtained from each patient. All procedures performed in studies involving human participants were in accordance with the ethical standards of the First Affiliated Hospital of Suzhou University and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

Peripheral blood samples were collected in a standard tube and stored at −80°C. Using a standard protocol, genomic DNA was extracted from peripheral blood samples by QIAamp DNA Mini kit (Qiagen Co Ltd, Shanghai, China). One pair of primers was designed using Primer Premier 5.0 software to amplify fragments of the rs1045531. Primers sequences were 5′CAGCTTGAACTGCGTGGAT-3′and 5′TCAGACTTGCGTTAGGATGTG-3′. The PCR (Polymerase Chain Reaction) amplified products were sequenced by an ABI3730 sequencer (BioAsia Biotechnology Co Ltd, Shanghai, China; [Figure 1](#fig1-1533034617740264){ref-type="fig"}), and the related data were managed using Sequenom Typer 4.0 software.^[@bibr16-1533034617740264]^

![Prostate stem cell antigen (PSCA) rs1045531 genotype.](10.1177_1533034617740264-fig1){#fig1-1533034617740264}

Microsoft Excel and SPSS software (version 21.0; SPSS Inc, Chicago, Illinois) were used for all analyses. Allele and genotype frequencies were calculated by counting. The χ^2^ test was utilized to evaluate the significant departure from the Hardy-Weinberg equilibrium. The exact test was used to examine the distribution of SNPs among groups, as well as their accordance with the Hardy-Weinberg equilibrium. Odds ratio (OR) and 95% confidence interval (CI) were adjusted for age, body mass index (BMI), and PSA and estimated by multiple logistic regression analysis to investigate the association between the rs1045531 polymorphism and susceptibility of PCa. All tests were 2 tailed; a *P* value of \<.05 was considered statistically significant.

Results {#section3-1533034617740264}
=======

Demographic and Clinical Characteristics of the Study Participants {#section4-1533034617740264}
------------------------------------------------------------------

The demographic and clinical characteristics of the patients with PCa and benign prostatic hyperplasia (BPH) are shown in [Table 1](#table1-1533034617740264){ref-type="table"}. A total of 416 patients were recruited for this study, including 193 patients with PCa and 223 patients with BPH. There were no differences in the distribution of age and BMI between patients with PCa and BPH (*P* = .667 and .659, respectively). Prostate special antigen levels were higher in patients with PCa than in patients with BPH (*P* = .02).

###### 

The Characteristics of Biopsy Participants.

![](10.1177_1533034617740264-table1)

  Characteristics   PCa                  BPH                              *P* Value
  ----------------- -------------------- -------------------- ----------- -----------
  Number            193                  223                              
  Age, years        72.00 ± 6.95         64.00 ± 7.96         T = −0.43   .667
  BMI, kg/m^2^      23.30 ± 3.38         23.53 ± 2.90         T = −0.44   .659
  PSA, ng/mL        19.72 (8.25-64.47)   13.98 (9.20-24.72)   U = −2.33   .020
  Gleason score                                                           
   \<7              67                                                    
   ≥7               126                                                   

Abbreviations: BMI, body mass index; BPH, benign prostatic hyperplasia; PCa, prostate cancer; PSA, prostate special antigen; T, *t* value from Student\'s *t* test; U, *U* value from Mann-Whitney *U* test.

Association Between PSCA rs1045531 SNP and the Risk of PCa {#section5-1533034617740264}
----------------------------------------------------------

Detailed allele frequencies and genotype distributions of the rs1045531 are shown in [Table 2](#table2-1533034617740264){ref-type="table"}. The allele frequencies and genotype distributions were in accordance with the Hardy-Weinberg equilibrium (*P* \> .05). There were statistically significant differences in the distribution of the rs1045531 genotypes and alleles between patients with PCa and BPH (*P* = .035 and .046, respectively). When the CC genotype was used as the reference, a significantly increased susceptibility to PCa was found in the heterozygote comparison (AC vs CC; OR = 2.383, 95% CI: 1.198-4.741, χ^2^ = 6.229, *P* = .013) and dominant model (AA/AC vs CC; OR = 2.169, 95% CI: 1.112-4.229, χ^2^ = 5.228, *P* = .022). No significant associations were found in the homozygote model, recessive model, or allele model (*P* = .601, .686, or .101, respectively; [Table 3](#table3-1533034617740264){ref-type="table"}).

###### 

Genotypes and Alleles Frequencies of PSCA Polymorphisms in Biopsy Participants.

![](10.1177_1533034617740264-table2)

                    Genotype Frequencies      Allele Frequencies                                    
  ----------------- ------------------------- ------------------------- ------------- ------------- -------------
  PCa (n = 193)     6 (3.0%)                  104 (53.7%)               83 (43.3%)    116 (30.1%)   270 (69.9%)
  BPH (n = 223)     12 (5.4%)                 72 (32.3%)                139 (62.3%)   96 (21.5%)    350 (78.5%)
  Total (n = 416)   18 (4.3%)                 176 (42.3%)               222 (53.4%)   212 (25.5%)   620 (74.5%)
                    χ^2^ = 2.13, *P* = .035   χ^2^ = 2.69, *P* = .046                               

Abbreviations: BPH, benign prostatic hyperplasia; PCa, prostate cancer; PSCA, prostate stem cell antigen.

###### 

Association Between the PSCA Polymorphisms and Susceptibility of PCa.

![](10.1177_1533034617740264-table3)

  Comparisons                     OR (95% CI)            χ^2^ Value   *P* Value
  ------------------------------- ---------------------- ------------ -----------
  Homozygote model (AA vs CC)     0.828 (0.143-4.805)    --           .601^a^
  Heterozygote model (AC vs CC)   2.383 (1.198-4.741))   6.229        .013^b^
  Dominant model (AA/AC vs CC)    2.169 (1.112-4.229)    5.228        .022^b^
  Recessive model (AA vs AC/CC)   0.562 (0.100-3.167)    --           .686^a^
  Allele model (A vs C)           1.560 (0.955-2.661)    2.686        .101^b^

Abbreviations: CI, confidence interval; OR, odds ratio; PCa, prostate cancer; PSCA, prostate stem cell antigen.

^a^Fisher exact test.

^b^χ^2^ test.

Associations Between the PSCA rs1045531 SNP and Clinical and Pathological Features of PCa {#section6-1533034617740264}
-----------------------------------------------------------------------------------------

We evaluated the association of the rs1045531 SNP with various clinical and pathological features including PSA, Gleason score, T, N, and M, as shown in [Tables 4](#table4-1533034617740264){ref-type="table"} and [5](#table5-1533034617740264){ref-type="table"}. Stratification analyses for PSA, Gleason score, and T showed statistically significant differences in the distribution of the rs1045531 genotypes and alleles (*P* = .026, .031; 0, .002 and .03, .008). However, stratification analyses for N and M revealed no significant associations with the rs1045531 genotypes and alleles (*P* = .813, .792 and .835, 0.631, respectively).

###### 

Associations Between the PSCA Polymorphisms and Parameters of Patients With PCa.

![](10.1177_1533034617740264-table4)

                  Genotype Frequencies   Allele Frequencies                                    
  --------------- ---------------------- --------------------------- ------------ ------------ -------------
  Gleason score                                                                                
   \<7            4 (66.7%)              22 (21.2%)                  41 (49.4%)   30 (25.9%)   104 (38.5%)
   ≥7             2 (33.3%)              82 (78.8%)                  42 (50.6%)   86 (74.1%)   166 (61.5%)
                  *P* = 0^a^             χ2 = 5.74, *P* = .002^b^                              
  PSA                                                                                          
   \<10           0 (0%)                 17 (16.3%)                  20 (24.1%)   17 (14.7%)   57 (21.1%)
   10-20          0 (0%)                 40 (38.5%)                  52 (62.7%)   40 (34.5%)   144 (53.3%)
   \>20           6 (100%)               47 (45.2%)                  11 (13.2%)   59 (50.8%)   69 (25.6%)
                  *P* = .026^a^          χ2 = 6.918, *P* = .031^b^                             

Abbreviations: PCa, prostate cancer; PSA, prostate special antigen; PSCA, prostate stem cell antigen.

^a^ Fisher exact test.

^b^ χ^2^ test.

###### 

Associations Between the PSCA Polymorphisms and Clinical Characteristics of Patients With PCa.

![](10.1177_1533034617740264-table5)

            Genotype Frequencies   Allele Frequencies                              
  --------- ---------------------- -------------------- ------------ ------------- -------------
  T stage                                                                          
   T1       0 (0%)                 9 (8.7%)             23 (27.7%)   9 (7.8%)      55 (20.4%)
   T2       0 (0%)                 49 (47.1%)           46 (55.4%)   49 (42.2%)    141 (52.2%)
   T3       6 (100%)               29 (27.9%)           11 (13.3%)   41 (35.3%)    51 (18.9%)
   T4       0 (0%)                 17 (16.3%)           3 (3.6%)     17 (14.7%)    23 (8.5%)
            *P* = .030^a^          *P* = .008^b^                                   
  N stage                                                                          
   N0       6 (100%)               90 (86.5%)           69 (83.1%)   102 (87.9%)   228 (84.4%)
   N1       0 (0%)                 14 (13.5%)           14 (16.9%)   14 (12.1%)    42 (15.6%)
            *P* = .813^a^          *P* = .792^b^                                   
  M stage                                                                          
   M0       6 (100%)               87 (83.7%)           66 (79.5%)   99 (85.3%)    219 (81.1%)
   M1       0 (0%)                 17 (16.3%)           17 (20.5%)   17 (14.7%)    51 (18.9%)
            *P* = .835^a^          *P* = .631^b^                                   

Abbreviations: M, distant metastasis; N, lymph node metastasis; PCa, prostate cancer; PSCA, prostate stem cell antigen; T, tumor size.

^a^Fisher exact test.

^b^χ^2^ test.

Discussion {#section7-1533034617740264}
==========

Genetic studies have provided insight into various diseases, including cancers. Understanding the relationships between different genes and cancers may help with prevention, as well as the improvement in treatments and prognosis of certain diseases. Recently, numerous studies have revealed associations between SNP of PSCA and many malignant tumors, such as breast cancer and gastric cancer.^[@bibr17-1533034617740264],[@bibr18-1533034617740264]^

Accumulating epidemiological and genetic evidence suggests that genetic variation plays an important role in PCa etiology. A GWAS showed that genetic polymorphisms of several genes at 17q12 and 17q24.3 are significantly associated with PCa. Another GWAS indicated significant relationship between genetic polymorphism at 8q24 and PCa risk in the Asian population.^[@bibr19-1533034617740264][@bibr20-1533034617740264]--[@bibr21-1533034617740264]^ Prostate stem cell antigen is highly expressed in PCa tissue and is significantly associated with the grade and prognosis of PCa.^[@bibr22-1533034617740264]^ The PSCA gene, located on chromosome 8q24.2, encodes a 123-amino acid protein. Currently, an association between SNP of PSCA and PCa in Chinese patients undergoing prostate biopsy has not been reported. We first found statistically significant differences in the distribution of the rs1045531 genotypes and alleles between Chinese patients with PCa and BPH undergoing prostate biopsy. Compared to the rs1045531 CC genotype, the susceptibility to PCa was significantly increased in the heterozygote model (AC vs CC; OR = 2.383) and dominant model (AA/AC vs CC; OR = 2.169). However, the susceptibility to PCa was decreased in the homozygote model (AA vs CC; OR = 0.828). A study based on Korean patients with PCa reported that the ORs of the rs1045531 AC, AA, and AC/AA genotypes were 1.31, 1.99, and 1.52, respectively.^[@bibr13-1533034617740264]^ Given the heterogeneous nature of PCa, the discrepancies between our findings and those of Joung *et al* ^[@bibr13-1533034617740264]^ may be explained by various factors, including region, lifestyle, ethnicity, and study design.

Important parameters of PCa, PSA, and Gleason score play an important role in choosing treatment and evaluating prognosis. We found statistically significant differences in the distribution of the rs1045531 genotypes in different PSA and Gleason score groups. Furthermore, the trend of increased rs1045531 AC genotype with increasing PSA and Gleason score was evident. This trend is consistent with the findings of Wang *et al*,^[@bibr23-1533034617740264]^ who reported a significant association between the SNP of 8q24 and PCa risk in their study. However, Joung *et al* ^[@bibr13-1533034617740264]^ found that the PSCA rs1045531 SNP was only associated with PSA, not with Gleason score. To further validate the association of this SNP with clinical stages of PCa, we demonstrated an association between the rs1045531 genotypes and alleles and T by comparing differences of this SNP in TNM groups. However, the rs1045531 genotypes and alleles were not associated with N and M.

Despite our novel finding of PCa-associated polymorphisms of the PSCA gene, our study has several limitations. First, the single-center design may preclude the extrapolation of our findings to other patient populations or ethnic groups. Second, patients undergoing prostate biopsy are not representative of all patients, and polymorphisms of PSCA were compared only between patients with PCa and BPH undergoing prostate biopsy, which may result in selection bias. Third, the sample size of this study is relatively small, which may affect the estimate of its association and the statistical power for subset analyses. Therefore, a multiple-center, well-designed prospective study with a larger sample size is needed to better validate our findings.

Conclusion {#section8-1533034617740264}
==========

To our knowledge, this is the first study to show that men with the rs1045531 AC genotype of PSCA are at higher risk of PCa in Chinese patients undergoing prostate biopsy. We found that the rs1045531 polymorphism was significantly associated with PSA, Gleason score, and T. Therefore, this SNP may be used for evaluating the risk and prognosis of PCa in patients undergoing prostate biopsy.
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